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Abstract

Two new series oN-substituted indole derivative®a-I and 5a-h were synthesized.
Their chemical structures were confirmed using spscopic tools including IR*H
NMR, **C NMR mass spectroscopy and elemental analysesreBuéts showed no
significant gtotoxic activity on either cancer or normal hunails. Anti-inflammatory
activity for all target compounds was evaluateditro. Compound$a-h were found
to have better anti-inflammatory activity thda-I. The inhibitory activity of COX-2
and 5-LOX were tested fdda-h. Three compound$c, 5d and5f showed excellent
COX-2 inhibitory activity with 1G, ranging from 0.98 to 1.23 uM compared to the
reference celecoxib (1.54 uM). These compoundsahaesonable selectivity index
between 7.03-8.05. Additionallp;methylbenzoyl derivativég (ICso = 5.78 uM) had
superior 5-LOX inhibitory activity, higher than quetin.5e was close to quercetin in
its LOX inhibitory activity. Compound$a-h were docked inside the active site of
COX-2 and 5-LOX enzymes.

Keywords: Indole derivatives; Antiproliferative activity; Arinflammatory activity;

Molecular docking study; Cyclooxygenase enzymes.



1. Introduction

Inflammation is one of the earliest signs of mangllwdefined diseases and
characterized by symptoms including pain, rednbkest, and swelling. Search for
new drugs that relieve inflammation with high sgferofiles is thus still a major
target of drug therapy [1].

Non-steroidal anti-inflammatory drugs (NSAIDs) éine most commonly used for
the treatment of inflammatory symptoni2]. These act by inhibiting the
biotransformation of the polyunsaturated fatty aaicchidonic acid (AA) which is a
membrane bound phospholipid to prostaglandins (P@%)stacyclin (PGI2) and
thromboxane A2 (TXAZ2yia cyclooxygenase (COX) enzymes (COX-1, 2[33%].

Non selective NSAIDs such as aspirin, phenazonad iadomethacin and,
selective COX-2 inhibitors like celecoxib, rofecbxiand valdecoxib produce
undesirable side effects either by decreasing ty®puootective action of the
constitutive COX-1 isoform in the gastrointestiti@ct (GIT) leading to ulcerogenic,
hepatic and renal toxicity or by increasing cardsaular disorders of selective COX-
2, the inducible isoform, due to imbalance in th@XCpathway. This is caused by
decreasing PGI2 concentration which is a potenbdistor and antithrombotic -
relative to an increase in the prothrombotic - TXW2ading to cardiovascular side

effects which was the main cause of their withdilgvean the markef6-14].

In addition to the COX-mediated pathway, AA is atsetabolized to leukotrienes
(LTs) via lipoxygenase (LOX) enzymes (5-, 8-, 12-, 15-LOXwo of these have
been found in humans. 5-LOX is associated witramfination, bronchoconstriction,
hypersensitivity, anaphylaxis and asthma. 15-LOXingolved in atherosclerosis
[6,15-18].

Accordingly, designing drugs with dual inhibitoryctavity for COX/LOX
enzymatic pathways offers new options for develgpimore effective anti-

inflammatory agents with improved safety profile.

A large number of studig$9-23 ] hve used the indole ring based NSAIDs as in
indomethacin, as a target to improve their COX-Rdwity and reduce their
ulcerogenic side effects attributed to their hig>G1l selectivity and the acidic

properties of the drug. Knaust al.[24], prepared a series of indole derivatives
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substituted at N1 and C3 positions. These compowhdsved excellent COX-2
inhibitory activity.

Moreover, synthesis of compounds with the pyrazislg andN-hydroxyamide
(tepoxalin)[25] showed 5-LOX activity. Dual activity againsOX and 5-LOX was
observed in compounds containing the vinyl bridggwieen the phenyl and the
heterocyclic five membered ring as in drabufelob®, [26]. Although, tenidap [3] -
COX/5LOXinhibitor- was more effective than traditial NSAIDs such as piroxicam
and diclofenac in rheumatic arthritis, it was sHoed, in the Europe market due to
the liver and kidney toxicity of the reactive oxida metabolite of thiophene moiety
[3,27,28] (Fig. 1).

[Please, insert Fig. 1 about here]

Given these findings and as a continuation of auliex work on the development
of selective COX-2 inhibitors [29], we now repohtetdesign and synthesis of two
series of novel indole containing compounts;| and5a-h substituted at the N-1 and
C-3 positions with: iN-(4-substituted phenyl)-acetamide derivatives dbie N-1 in
compounds4a-l similar to 5-LOX amide pharmacophore, ii) the cblzenzoyl
moiety of indomethacin in position 1, which is inig@mt in anti-inflammatory activity
[22], is maintained irbd, 5h, replaced with benzoyl iBb, 5f or with p-tolylbenzoyl
part in5c, 5gor modified to benzyl ifba, 5¢ iii) the small methyl group at C-2 was
omitted completely, iv) the ulcerative carboxylicich group -CHCOOH at C-3 in
indomethacin was replaced with heteroaryl ring égpte in4a-f and5a-d or triazole
4g-1 and5e-h) through azomethine linkage to mimic compoundshwitial COX/5-
LOX activity (Fig. 2).

[Please, insert Fig. 2 about here]

We evaluated thm-vitro anti-inflammatory activity of the two serida-I and
5a-h. COX-1, COX-2 and 5-LOX inhibitory activities ofi¢ most active compounds
5a-h were determined. The plausible binding interactiohthese compounds inside
COX-1, COX-2 and 5-LOX active sites were exploresing molecular modeling

studies.

2. Results and Discussion
2.1.Chemistry



The synthesis of the target compounds is depictesicheme 1. The starting
compounds, N-[(1H-Indol-3-yl)methylene]-#-1,2,4-triazol-4-amine 3@ and 4-
{[(1 H-Indol-3-yl)methylene]amino}-1,5-dimethyl-2-phen$H-pyrazol-3(H)-one
(3b) were preparedvia reacting indole-3-carbaldehydd) (and the appropriate
primary amine namely, 4-amino-1,2,4-triazole andndino-1,5-dimethyl-2-phenyl-
1H-pyrazol-3(2H)-one (4-aminophenazone) in absolute ethanol aixéémperature
in 77-89% vyield. The C=0 group of indole-3-carbélgde () disappeared in the IR

spectra oBa&b.

'H NMR spectra of3a&b showed a singlet peak at7.86 and 8.03 due to
N=CH proton and BO exchangeable singlet signal of indole NHsall.61 and
11.99. Additionally, one singlet signal @9.07 due to two triazole protons in tBa
spectrum, and two singlet signalsié?.47 and 3.10 due to Glnd N-CH protons in
3b spectrum. Moreover, tHéC NMR spectra o8a&b exhibited a peak at 152.83,
155.32 revealed to -N=CH, as well as C-3, C-5iakble ring in3aats 139.27 and
three different peaks at 10.48, 36.42 and 160.80 due to £ HN-CH;, C=0O of
phenazone ring iBb spectrum.

The mass spectra of compour@is&b showed a molecular ion peak rafz
211 (77.09%) and 330 (27.84%) due to (M), respebtiv

For preparing indolyN-substituted acetamide derivativda-l in (28-48%)
yield, compounds3a&b reacted with 4-substituted phenylcarbonylmethybties
that were prepared by following the same reactionddions of reported methods
[30-32], in DMF and sodium hydride (NaH) as a bad®e formations of compounds
4a-l were confirmed byH NMR that showed a singlet signal due to Gttotons of
acetamide moiety at5.08-5.29 and only one exchangeable singlet bajral0.23-
10.85 of NH proton of acetamide and not of the piairedole compound3a&b. This
aside, the"*C NMR spectra of compoundt-| exhibited C=O group of acetamide
part ato 165.21-167.67.

On the other hand, the-benzyl 6a & 5€) and N-benzoyl 6b-d & 5f-h)
derivatives were prepared by reaction 3d&b with benzyl chloride, benzoyl
chloride, 4-methylbenzoyl chloride and 4-chlorob®yizchloride in the presence of
NaH in DMF at room temperature for 24 h. The forioabf compound®a-h (yield;
43% - 86%) was confirmed by NMR that revealed the disappearance of th® D



exchangeable singlet signal 8i&b and the appearance of a singlet signal &7
and 5.56 corresponding to benzyl Optotons in5a & 5e **C NMR spectra ob-d
& 5f-h showed the presence of the benzoyl C=0 groddl&¥.77-168.76.

[Please, insert Scheme 1 about here]
2.2. Anti-inflammatory activity

2.2.1. In vitro anti-inflammatory assay

The in vitro anti-inflammatory properties of the indole derivas were studied
using ELISA in pretreated Human Umbilical Vein Etudsgial Cells (HUVEC) where
these compounds were able to inhibit d&- E-selectin (ELAM) expression was
induced by TNE, which is indicative of NReB activation. The observed reduction of
ELAM expression on treatment of HUVECs with 50 pMtloe first series of indole
substances was 15% decreaseddyand4f; the more effective second series caused
significant decrease with 30 uM or 50 uM of indd&Fivative5c (decrease of 33 %).
This correlates with data from enzyme inhibition @©X-2. Slight inhibition of
ELAM expression and also cell viability was measiufer all tested substances. The
results confirmed that the NEB pathway was targeted by the indole derivativeg. (F
3a, b).

[Please, insert Fig. 3 about here]
2.2.2. Inhibition of COX-1, COX-2 and 5-LOX — biologicasays

The COX activity assay kit measures the peroxidasgivity of
cyclooxygenase enzyme isoforms. The target ofirthetro biological activity assay
was to explore the ability of tested compoundsitohit both ovine COX-1 and COX-
2 using a colorimetric enzyme immunoassay (ElA)kitmonitoring the appearance
of oxidized N,N,N’,N’-tetramethyp-phenylenediamine (TMPD) at 590 nm. The kit
includes isozyme-specific inhibitors for distinguisg COX-2 activity from COX-1
activity. The COX assay allows the screening oéistwumber of inhibitors and saves
much time. The potency of tested compounds wagrdeted as the concentration
causing 50% enzyme inhibition @§. Also, the COX-2 selectivity index (Sl values)
which is defined as 1§ (COX-1)/IGso (COX-2) was calculated and compared with
that of the standard drug celecoxib. Compoubds were tested and the data are
listed in Table 1.



The results showed that compoul@sh were weak inhibitors of the COX-1
enzyme. They showed (4= 7.65 — 11.23M) compared with indomethacin (6=
0.63uM). Compoundbc with (ICso = 7.89uM) similar to that of celebrex (Kg= 7.59
uM ) for COX-1 enzyme inhibition, exhibited betterOX-2 enzyme inhibitory
activity (ICsp = 0.98uM) than celecoxib (I = 1.54uM). Moreover, compoundsf
and 5d are classified as excellent COX-2 inhibitors wi@s, = 1.06 and 1.23M,
respectively. Compounsih also showed good inhibitory activity against COX&d
its 1Cso equals 1.741M. The other compoundsa, 5b, 5e and5g had moderate COX-
2 inhibitory activity with 1Go ranging from 2.01-2.64M. A common feature of the
three most active compounfls, 5f and5d was the substitution of indole - NH with a
benzoyl moiety. Generally, when fixing benzoyl nmgjecompounds bearing tirazole
nucleus at C-3 is more active than those with phema part . Thugc > 5g and5d >
5h. Between triazole seriebdl-benzyl indole5a and N-unsubstituted benzoyl indole
5b showed the lowest Kg (2.01 and 2.19M, sequentially). Accordingly, the least
active compound wase with both phenazone part and benzyl moiety.

So, the results showed COX-2 selectivity indicethim range 4.30 to 8.05 for
5a-h. Within the synthesized compounds, compoubds5d, 5f and 5h showed a
better COX-2 selectivity index (S.l. = 5.31 — 8.G&®mpared to celecoxib (S.I. =
4.92). Compoundsg and5b showed a COX-2 selectivity index close to celeboxi
(S.I. = 4.84 and 4.75, respectively). The smallé@X-2 selectivity index was
obtained fronba and5e (S.1 = 4.58 and 4.30, sequentially).

Forin vitro lipoxygenase (LOX) inhibitor screening, the askaydetects and
measures the hydroperoxides produced in the lipexgtion reaction using a purified
LOX enzyme. The detection reaction is equally demsto hydroperoxides at various
positions within the fatty acid, and will work wifatty acids of any carbon length. It
is thus a general detection method for LOX and lsarused to screen libraries of
compounds for those which inhibit LOX enzymes. 5¥.@nzyme is distinguished
from other LOXs that introduce hydroperoxidate ioeblate and arachdonate
substrates. Using the enzyme assay kit, the comdiemt of hydroxyperoxidase was
measured. Quercetin was used as a reference dibig istudy. The data are listed in
Table 1.



Regarding 5-LOX inhibitory activity, compoursy was the highest 5-LOX
inhibitor with (IG5 = 5.78uM) compared with that of quercetin &€= 5.96 uM).
CompoundSe showed inhibitory activity against 5-LOX enzyme 4G 5.98 uM),
most similar to quercetin. The most active compobgchas a phenazone nucleus at
position C-3 in its structure. This combination davs lipoxygenase inhibitory
activity.

[Please, insert Table 1 about here]

2.2.3 In vitro cytotoxic activity

Fourteen tested indole derivatives from the firsties were evaluated for their
cytotoxicity on three cancer cell lines (CEM, MCH4AeLa) and normal human
fibroblasts. These substances were mostly inaativegpt for3a (strong cytotoxicity
on Hela) anaH with slight cytotoxicity on all tested cell linéSable 2).

Eight indole derivatives from second series wegtetd for cytotoxicity in human
umbilical vein endothelial cells (HUVEC). After 24 these derivatives showed no
cytotoxicity towards HUVECs except féalCsy 14.9 £ 3.0 (Table 2).

[Please, insert Table 2 about here]

2.3. Docking study

In a docking study, all new designed compounds wieeked using AutoDock
Vina into COX-2 and 5-LOX receptors. However in tb&se of theN-substituted
indole derivatives synthetized in this study, warfd that these compounds showed
two distinct binding poses: (i) one group of compas! (count of heavy atom around
25) with the best binding free energy characterizgtinding inside the active site of
receptorba — 5dand in particular, H-bond interaction betweendidand amino acid
HIS90 in the COX-2 receptor, and (ii) a second grofilarge compounds (count of
heavy atom more than 38¢ — 5h The problem here was that they had to attain the
active site of both receptors (Table 3). Dockingompound 5h inside the active site
of 5-LOX is illustrated in Fig. 4.

[Please, insert Table 3 and Fig. 4 about here]



3. Conclusion

In summary, we synthesized new ind8®&b and N-substituted indole derivatives
4a-l and 5a-h. These derivatives were tested for both cytotad anti-inflammatory
activities. There was no significant cytotoxic gitti on either cancer or normal human cells.
The first series of indole derivativds-l showed slight anti-inflammatory activity vitro. In
the second serieSa-h, 5¢c was the most active substance inhibiting expressiacytokine E-
selectin. The latter compounds-h were evaluated against COX-1, COX-2 and 5-LOX
enzymes.P-Methylbenzoyl derivativesc was the most active inhibitor of COX-2 enzyme
showing 1G, = 0.98 pM and selectivity index equal to 8.05, lerpichlorobenzoyl derivative
5h was the most potent selective 5-LOX inhibitor hirstseries with 16 equals to 9.11 pM.
Molecular docking showed that all new compoundsnidoto selected receptors. It is very
important to follow the count of atoms of each figaas the size of ligand plays an important

role in the final conformation to active site andding energy.
4. Experimental
4.1. Chemistry

Melting points were determined using a Griffin afgtas and were uncorrected. IR
spectra were recorded on a Shimadzu IR-435 spéxtometer using KBr discs and
values were represented in tmiH NMR and®*C NMR (DEPT-Q) were carried out
using the Bruker instrument at 400 MHz fét NMR and 100 MHz for*C NMR
spectrophotometer, (Faculty of Pharmacy, Beni Sueiversity, Beni Suef, Egypt),
in DMSO-ds, D,O using TMS as an internal standard and chemicgissivere
recorded in ppm on th&scale using DMS@ (2.5) as a solvent. Coupling constant
(J) values were estimated in Hertz (Hz). Splittingtgas are designated as follows:
s, singlet; d, doublet, t, triplet; g, quartet; dihublet of doublet; m, multiplet. The
electron impact (ElI) mass spectra were recordedaohlewlett Packard 5988
spectrometer (Palo Alto, CA). Microanalysis wasfgened for C, H, N on Perkin-
Elmer 2400 at the Microanalytical center, Cairo \émsity, Egypt and was within +
0.4% of theoretical values. Analytical thin laydwramatography (TLC): pre-coated
plastic sheets, 0.2 mm silica gel with UV indicafbtacherey-Nagel) was employed
routinely to follow the course of reactions andcteeck the purity of products. All
other reagents, solvents and compodindere purchased from the Aldrich Chemical

Company (Milwaukee, WI) and, were used withoutHartpurification.



4.1.1 General procedure for synthesis of compo3ads

A mixture of indole-3-carboxaldehyds (300 mg, 1 mmol) and the appropriate
primary amine2a or 2b (1.2 mmol) in absolute ethanol (10 mL) was reflixer 5-7
h (monitored by TLC). The precipitate that formedlat was filtered off, dried and
recrystallized from 95% ethanol to affa3d&b.

4.1.1.1. N-[(1H-Indol-3-yl)methylene]-4H-1,2,4-tral-4-amine 3a). White crystals;
89% yield; mp 291-293°C; IR (KBr) 3126 (NH), 164C=N) cm®;  H NMR (400
MHz, DMSO-dg, 8 = ppm)d = 7.21-7.29 (m, 2H, indole H-5, H-6), 7.53 {ds 8.00
Hz, 1H, indole H-7), 8.03 (s, 1H\=CH), 8.21 (d,J = 8.00 Hz, 1H, indole H-4), 9.07
(s, 2H, triazole H-3, H-5), 9.15 (s, 1H, indole H-2), 11.99, 1H, NH, BO
exchangeable):*C NMR (100 MHz, DMSOdg, = ppm)& = 110.36 (indole C-3),
112.87 (indole C-7), 121.87 (indole C-5), 122.kw¢le C-6), 123.75 (indole C-4),
124.45 (indole C-3a), 134.93 (indole C-2), 137.int¢le C-7a), 139.27 (triazole C-3,
C-5), 155.32 (CH=N); EIMS (m/z) 212 (M+1, 13.92%211 (M", 77.09%), 129
(100%). Anal. Calcd for GHoNs: C, 62.55; H, 4.29; N, 33.16. Found: C, 62.37; H,
4.15; N, 33.11.

4.1.1.2. 4-{[(1H-Indol-3-yl)methylene]amino}-1,5rdethyl-2-phenyl-1H-pyrazol-
3(2H)-one 8b). Yellow crystals; 77% vyield; mp 271-273°C; IR (KBBJL59 (NH),
2977, 2921 (CH-aliphatic), 1623 (C=0), 1594 (C=M)t 'H NMR (400 MHz,
DMSO-ds, 6 = ppm)d = 2.47 (s, 3H, Ch), 3.10 (s, 3H, N-Ch), 7.15-7.23 (m, 2H,
indole H-4, phenyl H-4), 7.34,(0 = 7.20 Hz, 1H, indole H-5), 7.40 (d,= 7.60 Hz,
2H, phenyl H-2, H-6), 7.45 (d) = 7.6 Hz, 1H, indole H-7), 7.52 @,= 7.6 Hz, 2H,
indole H-3, H-5), 7.86 (s, 1H, N=CH), 8.43 (d, ¥# Hz, 1H indole H-4), 9.76 (s,
1H, indole H-2), 11.61 (s, 1H, NH,,D exchangeable}?C NMR (100 MHz, DMSO-
ds, 6 = ppm)d = 10.48 (CH), 36.42 (N-CH), 112.30 (indole C-7), 116.34 (pyrazole
C-4), 118.94 (indole C-3), 121.05 (indole C-5), B2 (indole C-6), 123.02 (indole
C-4), 124.37 (phenyl C-2, C-6), 125.14 (indole §;3#6.82 (phenyl C-4), 129.54
(phenyl C-3, C-5), 132.02 (indole C-2), 135.43 (pyleC-1), 137.71 (indole C-7a),
151.44 (pyrazole C-5), 152.83 (CH=N), 160.80 (C=@)MS (m/z) 331 (M+1,
7.67%), 330 (M, 27.84%), 56 (100%). Anal. Calcd fordE:gN4O: C, 72.71; H,
5.49; N, 16.96. Found: C, 72.57; H, 5.25; N, 16.99.

4.1.2. General procedure for synthesis of compodaes
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A solution of3a or 3b (1 mmol) in DMF (5 mL) was added to the solutidn o
sodium hydride (NaH) (1.5 mmol) in DMF (5 mL) anldetreaction mixture was
stirred for 30 min. at room temperature. A solutminthe appropriate 2-chlord-
phenylacetamide derivatives (1.5 mmol) in DMF (5)mas added, and the reaction
mixture was stirred for 24 h at room temperaturee $olution was poured onto ice-
cold water. The formed precipitate was filtered dfied and recrystallized from 95%
ethanol to furnista-|.
4.1.2.1. 2-{3-[((4H-1,2,4-Triazol-4-yl)imino)metidH-indol-1yl}-N-
phenylacetamidg€4a). White powder; 45% vyield; mp 275-277°C; IR (KBr) 226
(NH) 1693 (C=0) cnt; H NMR (400 MHz, DMSOds, & = ppm)& = 5.24 (s, 2H,
CH,), 7.08 (t,J = 7.2 Hz, 1H, phenyl H-4), 7.26-7.35 (m, 4H, irel#4-5, H-6 and
phenyl H-3, H-5), 7.55-7.61 (m, 3H, indole H-7 gpltenyl H-2, H-6), 8.09 (s, 1H,
N=CH), 8.24 (dJ = 7.2 Hz, 1H, indole H-4), 9.10 (s, 2H, triazble3, H-5), 9.13 (s,
1H, indole H-2), 10.51 (s, 1H, NH,,D exchangeable}*C NMR (100 MHz, DMSO-
ds, & = ppm)d = 49.83 (CH), 109.90 (indole C-3), 111.25 (indole C-7), 119.61
(phenyl C-2, C-6), 122.23 (indole C-5), 122.39 (ldC-6), 123.94 (indole C-4),
124.11 (phenyl C-4), 124.94 (indole C-3a), 129 8Befiyl C-3, C-5), 138.30 (indole
C-7a), 138.75 (indole C-2), 139.08 (phenyl C-1)9.B8 (triazole C3, C-5), 154.83
(CH=N), 166.01 (C=0); EIMS (m/z) 345 (M+1, 12.99%y4 (M", 18.83%), 129
(100%). Anal. Calcd for gH16NgO: C, 66.27; H, 4.68; N, 24.40. Found: C, 66.42; H,
4.53; N, 24.51.

4.1.2.2. 2-{3-[((4H-1,2,4-triazol-4-ylimino)methylH-indol-1yl}-N-(p-
tolyl)acetamidg4b). White powder; 47% vyield; mp 272-274°C; IR (KBr) 328\NH)
1695 (C=0) crit; '"H NMR (400 MHz, DMSOds, 5 = ppm)& = 2.25 (s, 3H, Cb),
5.22 (s, 2H, Ch), 7.13 (d,J = 8 Hz, 2H, phenyl H-3, H-5), 7.26-7.34 (m, 2Hddte
H-5, H-6), 7.49 (d,) = 8 Hz, 2H, phenyl H-2, H-6), 7.57 (d,= 8 Hz, 1H, indole H-
7), 8.09 (s, 1 H, CH=N), 8.23 (d= 7.6 Hz, 1H, indole H-4), 9.10 (s, 2H, triazole C
3, C-5), 9.14 (s, 1H, indole H-2), 10.48 (s, 1H, NP4O exchangeable)*C NMR
(100 MHz, DMSO#€sg, 6 = ppm)d = 20.91(CH), 49.80 (CH), 109.85 (indole C-3),
111.27 (indole C-7), 119.61 (phenyl C-2, C-6), 2Z2Xindole C-5), 122.37 (indole C-
6), 123.92 (indole C-4), 124.92 (indole C-3a), ¥29(phenyl C-3, C-5), 133.03
(phenyl C-1), 136.60 (indole C-7a), 138.28 (phedyt), 138.77 (indole C-2), 139.30
(triazole C-3, C-5), 154.83 (CH=N), 165.75 (C=O)M5 (m/z) 359 (M+1, 13.13%),
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358 (M", 14.75%), 77 (100%). Anal. Calcd ford81gNsO: C, 67.02; H, 5.06; N,
23.45. Found: C, 66.88; H, 5.13; N, 23.42.

4.1.2.3. 2-{3-[((4H-1,2,4-triazol-4-yl)imino)methylH-indol-1yl}-N-(p-
hydroxyphenyl) acetamiddd). Yellow powder; 39% yield; mp 230-232°C; IR (KBr)
3323 (OH), 3257 (NH) 1700 (C=0) ém'H NMR (400 MHz, DMSOds, 5 = ppm)3

= 5.17 (s, 2H, CH), 6.72 (d,J = 8 Hz, 2H, phenyl H-3, H-5), 7.29-7.55 (m, 6H,
indole H-5, H-6, H-7, phenyl H-2, H-6, CH=N), 8.{& J = 7.6 Hz, 1 H, indole H-
4), 9.11 (s, 1H, indole H-2), 9.28 (s, 2H, triam®l-3, H-5), 9.96 (s, 1H, OH, D
exchangeable), 10.48 (s, 1H, NH;exchangeableYC NMR (100 MHz, DMSO-
ds, 6 = ppm)d = 49.95 (CH), 109.82 (indole C-7), 115.67 (phenyl C-3, CH)7.82
(indole C-3), 121.47 (phenyl C-2, C-6), 122.39d¢le C-5), 123.93 (indole C-6),
124.11 (indole C-4), 124.97 (indole C-3a) 130.64defpyl C-1), 138.15 (indole C-7a),
138.78 (indole C-2), 142.76 (triazole C-3, C-5)41® (phenyl C-4), 154.86 (CH=N),
165.21 (C=0); EIMS (m/z) 361 (M+1, 15.28%), 360 ‘(M21.35%), 155 (100%).
Anal. Calcd for GgH16N6O2: C, 63.32; H, 4.48; N, 23.32. Found: C, 63.58;4H,3;
N, 23.55.

4.1.2.4. 2-{3-[((4H-1,2,4-triazol-4-ylhimino)methylH-indol-1yl}-N-(p-
methoxyphenyl) acetamidéd]. Light violet powder; 46% yield; mp 276-278°C; IR
(KBr) 3267 (NH) 1695 (C=0) city '"H NMR (400 MHz, DMSOedg, & = ppm) s =
3.71 (s, 3H, OCH), 5.20 (s, 2H, CH), 6.90 (d,J = 8.8 Hz, 2H, phenyl H-3, H-5),
7.26-7.35 (m, 2H, indole H-5, H-6), 7.52 @®= 8.8 Hz, 2H, phenyl H-2, H-6), 7.57
(d,J=7.6 Hz, 1H, indole H-7), 8.09 (s, 1H, CH=N),8.@l,J = 7.6 Hz, 1H, indole
H-4), 9.11(s, 2H, triazole H-3, H-5), 9.14 (s, lhkfjole H-2), 10.37 (s, 1H, NH, O
exchangeable)*C NMR (100 MHz, DMSOQdg, § = ppm)& = 51.97 (CH), 57.82
(OCHg), 112.06 (indole C-3), 113.45 (indole C-7), 116(pBenyl C-3, C-5), 123.37
(phenyl C-2, C-6), 124.45 (indole C-5), 124.60 @ledC-6), 126.15 (indole C-4),
127.14 (indole C-3a), 134.38 (phenyl C-1), 140i48dle C-7a), 140.99 (indole C-2),
141.52 (triazole C-3, C-5), 157.04 (CH=N), 158.1hdnyl C-4), 167.67 (C=0);
EIMS (m/z) 374 (M, 5.07%), 122 (100%). Anal. Calcd fopdE1gNsO,: C, 64.16;
H, 4.85; N, 22.45. Found: C, 63.99; H, 4.73; N272.

4.1.2.5. 2-{3-[((4H-1,2,4-triazol-4-yl)imino)methyl H-indol-1yl}-N-(p-acetylphenyl)
acetamide 4e). Yellow powder; 32% vyield; mp 286-288°C; IR (KBr) 32 (NH),
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1694, 1665 (2C=0) cth '"H NMR (400 MHz, DMSOedg, 5 = ppm)& = 2.50 (s, 3H,
CHj3), 5.29 (s, 2H, Ch), 7.28-7.33 (m, 2H, indole H-5, H-6), 7.59 (W5 8 Hz, 1H,
indole H-7), 7.74 (dJ = 8.8 Hz, 2H, phenyl H-3, H-5), 7.96 (@~ 8.8 Hz, 2H,
phenyl H-2, H-6), 8.10 (s, 1H, CH=N), 8.25 (= 6.8 Hz, 1H, indole H-4), 9.11(s,
2H, triazole H-3, H-5), 9.13 (s, 1H, indole H-2),10.85 (s, 1H, NH, BD
exchangeable):*C NMR (100 MHz, DMSOds, 5 = ppm)& = 26.91 (CH), 49.82
(CHp), 109.97 (indole C-3), 111.24 (indole C-7), 118(@benyl C-2, C-6), 122.32
(indole C-5), 122.40 (indole C-6), 124.03 (indolet); 124.87 (indole C-3a), 130.09
(phenyl C-3, C-5), 132.49 (indole C-7a), 138.30emi C-4), 138.77 (indole C-2),
139.32 (triazole C-3, C-5), 143.31 (phenyl C-1)485 (CH=N), 166.73 (NHC=0),
197.16 (C=0); EIMS (m/z) 386 (M 0.16%), 155 (100%). Anal. Calcd for
Co1H1gNeO2: C, 65.27; H, 4.70; N, 21.75. Found: C, 65.394H0; N, 21.55.

3.1.2.6. Ethyl 4-{2-[3-(((4H-1,2,4-triazol-4-yl)imd)methyl)-1H-indol-1yl]-
acetamido}benzoatel(). Yellow powder; 47% vyield; mp 245-247°C; IR (KBr) &2
(NH) 1704, 1668 (2C=0) cth *H NMR (400 MHz, DMSOds, 5 = ppm)& = 1.30 (t,
J=7.2 Hz, 3H, CKCHg), 4.28 (qJ = 7.2 Hz, 2HCH,CHs), 5.28 (s, 2H, CH), 7.26-
7.35 (m, 2H, indole H-5, H-6), 7.59 (d= 8 Hz, 1H, indole H-7), 7.74 (d,= 8.4
Hz, 2H, phenyl H-2, H-6), 7.94 (d,= 8.4 Hz, 2H, phenyl H-3, H-5), 8.09 (s, 1H,
CH=N), 8.24 (dJ = 7.6 Hz, 1H, indole H-4), 9.11 (s, 2H, triazole3HH-5), 9.13 (s,
1H, indole H-2), 10.84 (s, 1H, NH,,D exchangeable}’*C NMR (100 MHz, DMSO-
ds, 6 = ppm) 6 = 14.65 (CH), 49.83 (CH), 60.99 CH,CHs), 109.98 (indole C-3),
111.27 (indole C-7), 119.07 (phenyl C-2, C-6), 2Z8Xindole C-5), 122.39 (indole C-
6), 124.00 (indole C-4), 124.88 (phenyl C-4), 1Z5(iddole C-3a), 130.85 (phenyl C-
3, C-5), 138.32 (indole C-7a), 138.74 (indole C4x39.31 (triazole C-3, C-5), 143.35
(phenyl C-1), 154.82 (CH=N), 165.74 (C=0), 166.KHC=0); EIMS (m/z) 417
(M+1, 22.60%), 416 (M, 28.08%), 91 (100%). Anal. Calcd for8,0NsOs: C,
63.45; H, 4.84; N, 20.18. Found: C, 63.39; H, 4N120.25.

4.1.2.7. 2-{3-[((1,5-Dimethyl-3-o0x0-2-phenyl-2,31ddro-1H-4-yl)imino)methyl]-1H-
indol-1yl}-N-phenylacetamidedg). Yellow powder; 39% yield; mp 228-230°C; IR
(KBr) 3163 (NH) 1695, 1627 (2C=0) ¢inm*H NMR (400 MHz, DMSOsg, § = ppm)
8 = 2.50 (s, 3H, CH), 3.12 (s, 3H, N-Ch), 5.14 (s, 2H, Ch), 7.07 (t,J = 6.8 Hz, 1H,
anilide phenyl H-4), 7.20-7.30 (m, 2H, indole HK6), 7.32-7.37 (m, 3Hphenyl H-
2, H-4, H-6), 7.41 (dJ = 7.6 Hz, 2H, anilide phenyl H-3, H-5), 7.48-7.58, (3H,
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phenyl H-3, H-5 and indole H-7), 7.60 @= 8 Hz, 2H, anilide phenyl H-2, H-6),
7.91 (s, 1H, CH=N), 8.44 (d, = 7.6 Hz, 1H, indole H-4), 9.75 (s, 1H, indole -2
10.46 (s, 1H, NH, BO exchangeable}*C NMR (100 MHz, DMSOdg, & = ppm)d =
10.50 (CH), 36.37 (N-CH), 49.72 (CH), 110.70 (indole C-7), 115.79 (pyrazole C-
4), 118.76 (indole C-3), 119.60 (indole C-5), 1&l.4anilide phenyl C-4), 122.67
(anilide phenyl C-2, C-6), 123.24 (phenyl C-4), 1B (indole C-6), 124.46 (phenyl
C-2, C-6), 125.65 (indole C-3a), 126.89 (indole C-#29.34 (phenyl C-3, C-5),
129.54 (anilide phenyl C3, C-5), 135.38 (anilideepyl C-1), 136.07 (indole C-2),
138.26 (phenyl C-1), 139.12 (indole C-7a), 15](p@azole G5), 152.11 (CH=N),
160.76 (C=0), 166.31 (NHC=0); EIMS (m/z) 464 (M4146%), 463 (M, 13.62%),
56 (100%). Anal. Calcd for £gH25Ns0,: C, 72.55; H, 5.44; N, 15.11. Found: C,
72.60; H, 5.43; N, 15.01.

4.1.2.8. 2-{3-[((1,5-Dimethyl-3-o0x0-2-phenyl-2,31gdro-1H-4-yl)imino)methyl]-1H-
indol-1yl}-N-(p-tolyl)acetamide 4h). Buff powder; 41% vyield; mp 258-260°C; IR
(KBr) 3259 (NH) 1660, 1627 (2C=0) ¢htH NMR (400 MHz, DMSOsdg, & = ppm)
6= 2.25 (s, 3Hp-CHg), 2.50 (s, 3H, Ch), 3.12 (s, 3H, N-Ch), 5.11 (s, 2H, Ch),
7.12 (d,J = 7.6 Hz, 2H, anilide phenyl H-3, H-5), 7.20-7 @8, 2H, indole H-5, H-6),
7.34 (t,J=7.6 Hz, 1H, phenyl H-4), 7.41 (dl= 8 Hz, 2H, phenyl H-2, H-6), 7.48-
7.55 (m, 5H, indole H-7, phenyl H-3, H-5 and aigliphenyl H-2, H-6), 7.90 (s, 1H,
CH=N), 8.45 (dJ = 7.6 Hz, 1H, indole H-4), 9.76 (s, 1H, indole }-20.36 (s, 1H,
NH, D,O exchangeable}’C NMR (100 MHz, DMSQdg, § = ppm)& = 10.49 (CH),
20.90 p-CHjg), 36.35 (N-CH), 49.70 (CH), 110.70 (indole C-7), 115.78 (pyrazole C-
4), 118.77 (indole C-3), 119.64 (anilide phenyl 3226), 121.44 (indole C-5), 122.67
(phenyl C-4), 123.24 (indole C-6), 124.47 (pheny2,(C-6), 125.66 (indole C-3a),
126.90 (indole C-4), 129.54 (phenyl C-3, C-5), ¥29(anilide phenyl C-3, C-5),
133.01 (anilide phenyl C-1), 135.37 (anilide phe@w), 136.06 (indole C-2), 136.60
(phenyl C-1), 138.26 (indole C-7a), 151.51 (pyrazGt5), 152.12 (CH=N), 160.76
(C=0), 166.05 (NHC=0); EIMS (m/z) 478 (M+1, 0.83%)77 (M", 2.25%), 56
(100%). Anal. Calcd for &H»7NsO,: C, 72.94; H, 5.70; N, 14.66. Found: C, 72.75;
H, 5.73; N, 14.56.

4.1.2.9. 2-{3-[((1,5-Dimethyl-3-ox0-2-phenyl-2,Bvldro-1H-4-yl)imino)methyl]-
1H-indol-1yl}-N-(p-hydroxyphenyl)acetamiddi X, Grey powder; 28% yield; mp 229-
231°C; IR (KBr) 3430 (OH), 3258 (NH) 1681, 1617 C&0) cni'; 'H NMR (400
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MHz, DMSO-ds, 6 = ppm)é = 2.49 (s, 3H, Ch), 3.11 (s, 3H, N-Ch), 5.08 (s, 2H,
CHp), 6.71-6.98 (m, 3H, anilide phenyl H-3, H-5, pieR-4), 7.24-7.51 (m, 9H,
indole H-5, H-6, H-7, phenyl H-2, H-3, H-5, H-6,ikkse phenyl H-2, H-6), 7.90 (s,
1H, CH=N), 8.44-8.45 (m, 1H, indole H-4), 9.28 {41, OH, DO exchangeable),
9.76 (s, 1H, indole H-2), 10.23 (s, 1H, NH;@exchangeable)**C NMR (100 MHz,
DMSO-ds, 6 = ppm)d = 10.44 (CH), 36.26 (N-CH), 49.67 (CH), 110.66 (indole C-
7), 115.66 (anilide phenyl C-3, C-5), 115.72 (pwlazC-4), 118.68 (indole C-3),
121.87 (anilide phenyl C-2, C-6), 122.19 (indol&);-122.65 (phenyl C-4), 123.27
(indole C-6), 124.57 (phenyl C-2, C-6), 125.66 @(ldC-3a) 126.99 (indole C-4),
129.57 (phenyl C-3, C-5), 130.69 (anilide phenyl)C4135.27 (phenyl C-1), 136.01
(indole C-2), 138.18 (indole C-7a), 151.40 (pyra&z@l-5), 152.13 (CH=N), 154.17
(anilide phenyl C-4), 160.72 (C=0), 165.56 (NHC=@IMS (m/z) 480 (M+1,
1.52%), 479 (M, 4.26%), 56 (100%). Anal. Calcd fopdElosNsOs: C, 70.13; H, 5.25;
N, 14.60. Found: C, 70.52; H, 5.37; N, 14.48.

4.1.2.10. 2-{3-[((1,5-Dimethyl-3-0x0-2-phenyl-2,Bytro-1H-4-yl)imino)methyl]-
1H-indol-1yl}-N-(p-methoxyphenyl)acetamid4))( Orange powder; 42% vyield; mp
220-222°C; IR (KBr) 3275 (NH) 1669, 1627 (2C=0) ti NMR (400 MHz,
DMSO-ds, 6 = ppm)d = 2.49 (s, 3H, Ch), 3.11 (s, 3H, N-Ch), 3.71 (s, 3H, O-C}},
5.10 (s, 2H, Ch), 6.90 (d,J = 8.8 Hz, 2H, anilide phenyl H-3, H-5), 7.15-7.@8,
2H, indole H-5, H-6), 7.26 (1] = 8.4 Hz, 1H, phenyl H-4), 7.34 (d] = 6.8 Hz, 2H,
phenyl H-2, H-6), 7.37-7.53 (m, 5H, indole H-7, pleH-3, H-5 and anilide phenyl
H-2, H-6), 7.90 (s, 1H, CH=N), 8.45 (d,= 7.6 Hz, 1H, indole H-4), 9.76 (s, 1H,
indole H-2), 10.32 (s, 1H, NH, £ exchangeable)**C NMR (100 MHz, DMSQOds,

d = ppm)d = 10.50 (CH), 36.37 (N-CH), 49.67 (CH), 55.61 (OCH), 110.71
(indole C-7), 115.77 (anilide phenyl C-3, C-5), 118 (pyrazole C-4), 121.16 (indole
C-3), 123.01 (anilide phenyl C-2, C-6), 123.23 @ldC-5), 124.36 (phenyl C-4),
124.54 (indole C-6), 125.67 (phenyl C-2, C-6), B86(indole C-3a), 129.54 (indole
C-4), 132.24 (phenyl C-3, C-5), 135.39 (anilide myieC-1), 136.08 (phenyl C-1),
137.71 (indole C-2), 151.52 (indole C-7a), 152.p@rézole C-5), 152.82 (CH=N),
155.86 (anilide phenyl C-4), 160.76 (C=0), 165.MHC=0); EIMS (m/z) 494
(M+1, 3.34%), 493 (M, 10.21%), 56 (100%). Anal. Calcd fopdB,7NsOs: C, 70.57;
H, 5.51; N, 14.19. Found: C, 70.43; H, 5.57; N084.
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4.1.2.11. N-(p-Acetylphenyl)-2-{3-[((1,5-DimethybR0-2-phenyl-2,3-dihydro-1H-4-
yhimino)methyl]-1H-indol-1yl}acetamidedK). Orange powder; 47% yield; mp 246-
248°C; IR (KBr) 3257 (NH), 1673-1627 (3 C=0) ¢m*H NMR (400 MHz, DMSO-
ds, 6 = ppm)d = 2.37 (s, 3H, Ch), 2.49 (s, 3H, COC}), 3.12 (s, 3H, N-Ch), 5.20
(s, 2H, CH), 7.08-7.26 (m, 2H, indole H-5, H-6), 7.35JtF 6.8 Hz, 1H, phenyl H -
4),7.41 (dJ = 7.6 Hz, 2H, phenyl H-2, H-6), 7.46-7.54 (m, 3htjole H-7, phenyl
H-3, H-5), 7.75 (dJ = 8.4 Hz, 2H, anilide phenyl H-2, H-6), 7.92 ($4,1CH=N),
7.95 (d,J = 8.4 Hz, 2H, anilide phenyl H-3, H-5), 8.46 (o= 7.6 Hz, 1H, indole H-
4), 9.77 (s, 1H, indole H-2), 10.84 (s, 1H, NH;exchangeable)*C NMR (100
MHz, DMSO-ds, 6 = ppm)d = 10.49 (CH), 26.91 (COCH), 36.44 (N-CH), 49.74
(CHp), 110.74 (indole C-7), 115.90 (pyrazole C-4), ¥88(indole C-3), 118.93
(anilide phenyl C-2, C-6), 121.47 (indole C-5), X&B(phenyl C-4), 123.28 (indole
C-6), 124.47 (phenyl C-2, C-6), 125.65 (indole §;3#6.89 (indole C-4), 129.54
(phenyl C-3, C-5), 130.07 (anilide phenyl C-3, C-532.42 (phenyl C-1), 135.38
(anilide phenyl C-4), 136.02 (indole C-2), 138.38d¢le C-7a), 143.44 (anilide
phenyl C-1), 151.53 (pyrazole C-5), 152.09 (CH=N)0.76 (C=0), 167.05
(NHC=0), 197.01 (CkC=0); EIMS (m/z) 506 (M+1, 3.45%), 505 {(M10.48%),
56 (100%). Anal. Calcd for 4gH,7NsOs: C, 71.27; H, 5.38; N, 13.85. Found: C,
70.98; H, 5.39; N, 13.74.

4.1.2.12. Ethyl 4-{2-[3-(((1,5-Dimethyl-3-oxo-2-phy@-2,3-dihydro-1H-4-
yl)imino)methyl)-1H-indol-1yllacetamido}benzoat#)( Buff powder; 48% yield; mp
246-248°C; IR (KBr) 3256 (NH), 1705-1628 (3C=0)tm H NMR (400 MHz,
DMSO-ds, 6 = ppm)d = 1.30 (tJ = 6.8 Hz, 3H, CHICH3), 2.49 (s, 3H, E3), 3.10 (s,
3H, N-CHg), 4.28 (d,J = 6.8 Hz, 2H, EI,CHs), 5.20 (s, 2H, Ch), 7.24-7.27 (m, 2H,
indole H-5, H-6), 7.34 (t) = 6.4 Hz, 1H,phenyl H-4), 7.41 (d) = 7.6 Hz, 2H,
phenyl H-2, H-6), 7.51-7.52 (m, 3H, indole H-7 gttenyl H-3, H-5), 7.77 (d] = 8
Hz, 2H, anilide phenyl H-2, H-6), 7.92 (s, 1H, M 7.95 (d,J = 8 Hz, 2H, anilide
phenyl H-3, H-5), 8.48 (d) = 6.8 Hz, 1H, indole H-4), 9.79 (s, 1H, indole W-2
10.82 (s, 1H, NH, BO exchangeable}*C NMR (100 MHz, DMSOdg, § = ppm)d =
10.46 (CH), 14.64 (CHCHg3), 36.40 (N-CH), 49.73 (CH), 60.98 CH,CHg), 110.71
(indole C-7), 115.91 (pyrazole C-4), 118.72 (indGk3), 119.07 (anilide phenyl C-2,
C-6), 121.05 (indole C-5), 121.49 (phenyl C-4), B&(indole C-6), 124.51 (phenyl
C-2, C-6), 125.02 (indole C-3a), 125.64 (anilideepyl C-4), 126.93 (indole C-4),
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129.54 (phenyl C-3, C-5), 131.99 (indole C-2), B35(phenyl C-1), 135.99 (anilide
phenyl C-3, C-5), 138.30 (indole C-7a), 143.42l{daiphenyl C-1), 151.49 (pyrazole
C-5), 152.10 (CH=N), 160.74 (C=0), 165.76QOCHCH3), 167.02 (NHC=0);
EIMS (m/z) 536 (M+1, 1.33%), 535 (M 3.83%), 56 (100%). Anal. Calcd for
Cs1H29Ns04: C, 69.52; H, 5.46; N, 13.08. Found: C, 69.725k21; N, 12.99.

4.1.3. General procedure for synthesis of compobaes

A solution of3a or 3b (1 mmol) in DMF (5 mL) was added to a solution of
sodium hydride (NaH) (1.5 mmol) in DMF (5 mL) anldetreaction mixture was
stirred for 30 min. at room temperature. Eitherzayechloride (0.18 g, 1.5 mmol), or
the appropriate 4-substituted benzoyl chloridevdgirre (1.5 mmol), was added. The
reaction mixture was stirred for 24 h at room terapge. The solvent was removed
in vacuoand, ice-cold water was added. The fornredipitate was filtered off, dried
and recrystallized from 95% ethanol to furntsh.
4.1.3.1. N-[(1-Benzyl-1H-indol-3-yl)methylene]-4k2 U-triazol-4-amine Fa). White
crystals; 86% vyield: mp 195-19Z; IR (KBr) 1607 (C=N) cnt; 'H NMR (400 MHz,
DMSO-dg, 6 = ppm)d = 5.56 (s, 2H, CbJ, 7.24-7.37 (m, 7H, 5 benzyl-H and indole
H-5, H-6), 7.61 (dJ = 7.6 Hz, 1Hjndole H-7), 8.18 (s, 1H, N=CH), 8.23 @~ 7.6
Hz, 1H, indole H-4), 9.08 (s, 2H, triazole H-3, H-9.11 (s, 1H, indole H-2)**C
NMR (100 MHz, DMSO+ds, 6 = ppm)dé = 50.08 (CH), 109.85 (indole C-3), 111.72
(indole C-7), 122.40 (indole C-5), 122.45 (indole5y; 124.05 (indole C-4), 125.13
(indole C-3a), 127.73 (phenyl C-4), 128.28 (phetn2, C-6), 129.21 (phenyl C-3, C-
5), 137.39 (indole C-7a), 137.52 (phenyl C-1),.637(indole C-2), 139.29 (triazole
C-3, C-5), 155.00 (CH=N)EIMS (m/z) 302 (M+1, 1.2%), 301 (M 6.2%), 255
(100%). Anal. Calcd for ¢gH1sNs: C, 71.74; H, 5.02; N, 23.24. Found: C, 71.91; H,
7.99; N, 23.15.

4.1.3.2. N-[(1-Benzoyl-1H-indol-3yl)methylene)-42;2-triazol-4-aming5b). Yellow
crystals; 53% yieldmp 215-217°C; IR (KBr) 1670 (C=0), 1632 (C=N) ¢m*H NMR
(400 MHz, DMSO¢ds, 5 = ppm)d = 7.48-7.56 (m, 2H, indole H-5, H-6), 7.66 J = 8.0
Hz, 2H, benzoyl H-3, H-5), 7.76 (t) = 7.6 Hz, 1H, benzoyl H-4), 7.86 (d,= 8 Hz, 2H,
benzoyl H-2, H-6), 8.02 (s, 1H, N=CH), 8.34-8.38, (&M, indole H-4, H-7), 9.10 (s, 2H,
triazole H-3, H-5), 9.20 (s, 1H, indole H-2§C NMR (100 MHz, DMSQdg, § = ppm)3
= 115.53 (indole C-3), 116.53 (indole C-7), 122(Blole C-5), 125.50 (indole C-6),
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126.70 (indole C-3a), 126.72 (indole C-4), 129.3®enzoyl C-3, C-5), 129.75
(benzoyl C-2, C-6), 133.06 (benzoyl C-4), 133.68nkoyl C-1), 136.02 (indole C-
2), 136.88 (indole C-7a), 139.19 (triazole C-3, -¥53.81 (CH=N), 168.69 (C=0)

EIMS (m/z) 316 (M+1, 11.4%), 315 (M 63.9%), 195 (100%). Anal. Calcd for
Ci1sH13Ns0: C, 68.56; H, 4.16; N, 22.21. Found: C, 68.474H5; N, 22.11.

4.1.3.3. N-[(1-(p-Methylbenzoyl)-1H-indol-3yl)md#mne)-4H-1,2,4-triazol-4-amine
(5¢). Orange crystals; 49% vyield; mp 117-119 IR (KBr) 1678 (C=0), 1612 (C=N) cm
114 NMR (400 MHz, DMSO6dg, § = ppm)& = 2.42 (s, 3H, Ch), 7.42-7.54 (m, 4H,
indole H-5, H-6, phenyl H-3, H-5), 7.74 (8= 8.0 Hz, 2H p-methylbenzoyl H-2, H-6), 8.00
(d, J = 8.0 Hz,1H, indole H-7), 8.04 (s, 1H, N=CH), 8(83J = 8.0 Hz, 1Hjndole H-4), 9.10
(s, 2H, triazole H-3, H-5), 9.18 (s, 1H, indole H-2C NMR (100 MHz, DMSOdg, & =
ppm)dé = 21.55 (CH), 115.31 (indole C-3), 116.39 (indole C-7), 122(B@lole C-5),
125.39 (indole C-6), 126.61 (indole C-4), 128.3%d¢le C-3a), 129.58 p{
methylbenzoylC-3, C-5), 129.87ptmethylbenzoylC-2, C-6), 130.65ptmethylbenzoyl
C-1), 136.09 (indole, C-2), 136.85 (indole, C-7E39.21 (triazole C-3, C-5), 143.56
(phenyl C-4), 153.79 (CH=N), 168.59 (C=0); EIMS #nB830 (M+1, 20.2%), 329
(M*, 100%). Anal. Calcd for GH;sNsO: C, 69.29; H, 4.59; N, 21.26. Found: C,
69.37; H, 4.55; N, 20.98.

4.1.3.4. N-[(1-(p-Chlorobenzoyl)-1H-indol-3yl)meldnye)-4H-1,2,4-triazol-4-amine
(5d). Yellow crystals; 64% yield; mp 209-241; IR (KBr) 1686 (C=0), 1628 (C=N) cm
. IH NMR (400 MHz, DMSOds, & = ppm)& = 7.53-7.57 (m, 2H, indole H-5, H-6),
7.74 (d,J = 6.8 Hz, 2H,p-chlorobenzoyl H-3, H-5), 7.88 (d] = 6.8 Hz, 2H,p-
chlorobenzoyl H-2, H-6), 8.03 (s, 1H, N=CH), 8.388 (m, 2H indole H-4, H-7),
9.10 (s, 2H, triazole H-3, H-5), 9.17 (s, 1H, ireldi-2); *C NMR (100 MHz,
DMSO-dg, 6 = ppm)d = 115.69 (indole C-3), 116.55 (indole C-7), 122(BRlole C-
5), 125.58 (indole C-6), 126.73 (indole C-3a), ¥36.(indole C-4), 129.44pf
chlorobenzoyl C-3, C-5), 131.71p-Chlorobenzoyl C-2, C-6), 132.56p-(
chlorobenzoyl C-1), 136.03 (indole, C-2), 136.8md(le, C-7a), 137.88 p{
chlorobenzoyl C-4), 139.19 (triazole C-3, C-5), I®3(CH=N), 167.78 (C=0); EIMS
(m/z) 349 (M, 5.1%), 91 (100%). Anal. Calcd forgE1,CINsO: C, 61.81; H, 3.46;
N, 20.02 Found: C, 62.17; H, 3.35; N, 20.11.
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4.1.3.5. 4-{[(1-Benzyl-1H-indol-3yl)methylene]amjsig5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one He). Yellow crystals; 68% vyield; mp 174-17%C; IR (KBr) 1644
(C=0), 1604 (C=N) ci; *H NMR (400 MHz, DMSO#dg, & = ppm)d = 2.47 (s, 3H,
CHy), 3.11 (s, 3H, N-Ch), 5.47 (s, 2H, Ch), 7.21-7.29 (m, 2H, indole H-5, phenyl
H-4), 7.31-7.37 (m, 6H, benzyl H-3, H-4, H-5, inddf-6, phenyl H-3, H-5), 7.40 (d,
J = 7.6 Hz, 2H, benzyl H-2, H-6), 7.50-7.55 (m, 3kole H-7, phenyl H-2, H-6),
8.05 (s, 1H, N=CH), 8.44 (d, = 8.8 Hz, 1H,indole H-4), 9.75 (s, 1H, indole H-2);
3C NMR (100 MHz, DMSO#ds, 5 = ppm)8 = 10.39 (CH), 36.22 (N-CH), 49.88
(CHy), 111.16 (indole C-7), 115.83 (pyrazole C-4), &P8(indole C-3), 121.49
(indole C-5), 122.71 (phenyl C-4), 123.29 (phenyR,CC-6), 124.66 (benzyl C-4),
125.85 (indole C-3a), 127.08 (indole C-6), 127.B@I¢le C-4), 128.06 (benzyl C-2,
C-6), 129.10 (phenyl C-3, C-5), 129.23 (benzyl G=3%5), 129.60 (phenyl C-2, C-6),
134.91 (indole C-2), 135.25 (phenyl C-1), 137.4®i¢le C-7a), 137.93 (benzyl C-1),
151.31 (pyrazole C-5), 152.13 (CH=N), 160.69 (C=EIMS (m/z) 421 (M+1, 3.1%),
420 (M, 9.2%), 304 (100%). Anal. Calcd for,#E1.sN4O: C, 77.12; H, 5.75; N,
13.32. Found: C, 77.02; H, 5.86; N, 13.17.

4.1.3.6. 4-{[(1-Benzoyl-1H-indol-3yl)methylene]amjsl,5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one Kf). Orange crystals; 77% vyieldnp 166-168°C; IR (KBr) 1673,
1642 (2C=0), 1602 (C=N) cm'H NMR (400 MHz, DMSOds, & = ppm)8 = 2.50
(s, 3H, CH), 3.18 (s, 3H, N-Ch), 7.37-7.39 (m, 3H, indole H-5, H-6, phenyl H-4),
7.46-7.55 (m, 4H, phenyl H-2, H-3, H-5, H-6), 7.854 (m, 2H, benzoyl H-3, H-5),
7.70 (t,J = 8.4 Hz, 1H, benzoyl H-4), 7.83 (d,= 6.8 Hz, 2H, benzoyl H-2, H-6),
7.93 (s, 1H, N=CH), 8.32 (dl = 9.2 Hz,1H,indole H-7), 8.60 (dJ = 9.2 Hz, 1H,
indole H-4), 9.70 (s, 1H, indole H-2YC NMR (100 MHz, DMSO¢g, § = ppm)d =
10.46 (CH), 35.87 (N-CH), 115.50 (indole C-3), 116.26 (indole C-7), 117.5¢r§zole
C-4), 123.24 (indole C-5), 125.02 (phenyl C-4), 1% (phenyl C-2, C-6), 126.14
(indole C-6), 127.36 (indole C-4), 128.00 (indole3&), 129.29 (phenyl C-3, C-5),
129.64 (benzoyl C-3, C-5), 129.73 (benzoyl C-2,)C182.69 (benzoyl C-1), 132.84
(indole C-2), 133.98 (phenyl C-1), 137.01 (indole78), 143.26 (benzoyl C-4),
150.56 (CH=N), 153.56 (pyrazole C-5), 160.07 (C=tp8.76 (benzoyl C=QEIMS
(m/z) 434 (M, 3.6%), 310 (100%). Anal. Calcd fop#8,.N4O,: C, 74.64; H, 5.10;
N, 12.89. Found: C, 74.88; H, 5.36; N, 13.07.
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4.1.3.7. 1,5-Dimethyl-4-{[(1-(p-methylbenzoyl)-1ktol-3yl)methylene]amino}-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-on&g). Orange crystals; 48% yieldnp 154-
156°C; IR (KBr) 1664, 1642 (2C=0), 1603 (C=N) tmH NMR (400 MHz,
DMSO-dg, 6 = ppm)d = 2.44 (s, 3Hp-methylbenzoyl CH), 2.50 (s, 3H, Ck), 3.17
(s, 3H, N-CH), 7.37-7.42 (m, 3H, indole H-5, H-6, phenyl H-2)44-7.47 (m, 4Hp-
methylbenzoyl H-3, H-5, phenyl H-2, H-6), 7.53 ,= 8.4 Hz, 2H, phenyl H-3, H-
5), 7.73 (dJ = 8.00 Hz, 2Hp-methylbenzoyl H-2, H-6), 7.95 (s, 1H, N=CH), 828

J = 8.8 Hz, 1Hjndole H-7), 8.58 (dJ = 8.8 Hz, 1H,jndole H-4), 9.70 (s, 1H, indole
H-2); °C NMR (100 MHz, DMSOds, & = ppm) & = 10.46 (CH), 21.63 p-
methylbenzoyl CH), 35.88 (N-CH), 116.18 (indole C-7), 117.59 (pyrazole C-4),
120.87 (indole C-3), 123.21 (indole C-5), 123.8agipyl C-4), 125.02 (phenyl C-2,
C-6), 126.04 (indole C-6), 127.34 (indole C-4), B&/(indole C-3a), 129.64 (phenyl
C-3, C-5), 129.82p-methylbenzoyl C-3, C-5), 129.9%-Mmethylbenzoyl C-2, C-6),
131.06 p-methylbenzoyl C-1), 132.76 (indole, C-2), 135.@hdnyl C-1), 137.02
(indole C-7a), 143.25%fmethylbenzoyl C-4), 150.62 (CH=N), 152.14 (pyr&zG6}5),
160.09 (C=0), 168.64p{methylbenzoyl C=0); EIMS (m/z) 449 (M+1, 3.9%),844
(M™, 12.6%). Anal. Calcd for £H.4N4O.: C, 74.98; H, 5.39; N, 12.49. Found: C,
75.11; H, 5.28; N, 12.62.

4.1.3.8.  4-{[(1-(p-Chlorobenzoyl)-1H-indol-3yl)mgtine]amino}-1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-oneblf). Orange crystals; 43% vyield; mp 202-204°C; IR
(KBr) 1685, 1644 (2C=0), 1588 (C=N) ¢m *H NMR (400 MHz, DMSOds, & =
ppm)d = 2.50 (s, 3H, Ck), 3.17 (s, 3H, N-Ch), 7.37-7.39 (m, 3H, indole H-5, H-6,
phenyl H-4), 7.46, 7.47 (dd,= 4Hz, 2H, 7.6 Hz, phenyl H-2, H-6), 7.53 (t, 28i=
8.4 Hz, phenyl H-3, H-5), 7.67 (d, 2H,= 6.4 Hz,p-chlorobenzoyl H-3, H-5), 7.85
(d,J = 6.4 Hz, 2Hp-chlorobenzoyl H-2, H-6), 7.98 (s, 1H, N=CH), 8.8234 (dd,J
=1.2 Hz, 6.8 Hz, 1Hndole H-7), 8.59, 8.61 (dd,= 1.2 Hz, 1H6.4 Hz, indole H-4),
9.70 (s, 1H, indole H-2)*C NMR (100 MHz, DMSQds, & = ppm)s = 10.46 (CHj),
35.87 (N-CH), 116.29 (indole C-7), 117.57 (pyrazole C-4), 2Z1(indole C-3),
123.28 (indole C-5), 125.00 (indole C-6), 125.2R¢pyl C-4), 126.17 (phenyl C-2,
C-6), 127.32 (indole C-4), 128.04 (indole C-3a)9.BZ (phenyl C-3, C-5), 129.68-(
chlorobenzoyl C-3, C-5), 131.6%-¢hlorobenzoyl C-2, C-6), 132.76 (indole, C-2),
132.80 p-chlorobenzoyl C-1), 135.04 (phenyl C-1), 136.9&I¢le C-7a), 137.5%(
chlorobenzoyl C-4), 150.53 (CH=N), 152.20 (pyraz@l&), 160.06 (C=0), 167.77
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(p-chlorobenzoyl C=0); EIMS (m/z) 470 (M+2, 30.6%)%8 (M", 100%). Anal.
Calcd for G/H2:CIN4O,: C, 69.15; H, 4.51; N, 11.95. Found: C, 69.33;4:88; N,
12.13.

4.2. Biological activity
4.2.1. In vitro anti-inflammatory activity:
ELISA of E-selectin was performed as described ieported method [33]. Briefly, 1
x 10* HUVECs/well were seeded into 96-well plates armlgr to confluence. 50 pM
of indole derivatives were added 30 min prior t@lagation of 10 ng/ml TNE for
another 4 h. The cells were then fixed and ELAMelsvanalysed by ELISA. At the
same time, the compounds were analysed by Calc®inadsay to monitor non-
specific substance toxicity.
4.2.2. In vitro cyclooxygenase (COX) inhibitionass
An enzyme immune assay (EIA) kit (Cayman Chemigaln Arbor, MI, USA) was
used to test the ability of the test compoundsdish Table 1 to inhibit ovine COX-1
and COX-2 (IGo value,uM) according to a reported method [34, 35].
4.2.3. In vitro 5-lipoxygenase (LOX) inhibition ags
The ability of the test compounds listed in Tabh® Inhibit 5-LOX (IG5 value,uM)
was determined using an enzyme immune assay (ElA{catalogue no 760709,
Cayman Chemical, Ann Arbor, MI, USA). Stock solmsowere freshly prepared
before use and buffer solution used (0.1 M Tris HEM, 7.4). 10ul of different
compounds were prepared in dissolved at leastrttoaiat of DMSO and diluted with
the stock solution concentrations of (0.001, 015,1,0uM) in a final volume of 210
ul. The 1G, of test compounds were determined according tonta@ufacturer's
instructions and according to reported methods. 354
4.2.4. In vitro cytotoxicity:

4.2.4.1. Cell culture

Stock solutions (10 mmol/L) of the tested compouwedse prepared by dissolving
an appropriate quantity of each substance in diypieitioxide (DMSO). Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine seru(kBS), L-glutamine,
penicillin and streptomycin were purchased fromn&ig(MO, USA). Calcein AM
was obtained from Molecular Probes (Life TechnasgiCA, USA). The screening
cell lines (T-lymphoblastic leukemia cell line CERreast carcinoma cell line MCF7,

cervical carcinoma cell line HeLa and human fibesité BJ) were obtained from the
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American Type Culture Collection (Manassas, VA, USAl cell lines were cultured
in DMEM medium (Sigma, MO, USA), supplemented wiib%6 fetal bovine serum,
L-glutamine (2 mmol/l), penicillin (100 U) and sptemycin (100 pg/ml). The cell
lines were maintained under standard cell cultoredtions at 37 °C and 5% G@ a
humid environment. Cells were subcultured twicettoee times a week using the
standard trypsinization procedure.
4.2.4.2. Calcein AM assay

Suspensions of tested cell lines (ca. 1.0 ® d€ls/ml) were placed in 96-well
microtiter plates and after 24 h of stabilizatiimé zero) the tested compounds were
added (in three 20 pul aliquots) in serially dilumzhcentrations in dimethylsulfoxide
(DMSO). Control cultures were treated with DMSOreoThe final concentration of
DMSO in the incubation mixtures never exceeded 0.6#e test compounds were
typically evaluated at six 3-fold dilutions and thehest final concentration was
generally 50 uM. After 72 h incubation, Calcein Addlution (100 ul, Molecular
Probes, Life Technologies, CA, USA) was added, iacdbation was continued for
another hour. The fluorescence of viable cells thas quantified using a Fluoroskan
Ascent instrument (Labsystems, Finland). The peaggnof surviving cells in each
well was calculated by dividing the intensity ofetfluorescence signals from the
exposed wells by the intensity of signals from colnivells and multiplying by 100.
These ratios were then used to construct dose+msspourves from which Kg
values, the concentrations of the respective comgmthat were lethal to 50% of the
tumor cells, were calculated.
4.3. Docking study

Docking was performed to obtain prediction of confation and energy
ranking between COX2 receptor (PDB ID: 4PH9) and(®x receptor (PDBID:
3V99) and the designed set of molecules. The dgckindies were carried out using
AutoDock Vina 1.05 [16]. All 3D structures of ligds were obtained with Marvin
5.10.3, software which can be used for drawingpldisng and characterization of
chemical structure, substructures and reactionkar Prydrogens were added to all
ligands and proteins with the AutoDock Tools (AOBH] program prior to docking
with Autodock Vina program [37]. A grid box 25 A size was centered on the active
site of protein. The exhaustiveness parameter efa® 20 (default 8). After docking,
we compared the docked ligand with lbuprofen (IRPystal-like poses of COX2
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nature ligand and arachidonic Acid (ACD) natureatig of 5-LOX receptor and the
best crystal-like poses of each ligand were andlyze

The active site of the COX-2 receptor is a bentavaigap with two important
polar amino acids around the active site. The frsino acid is ARG121 which is
located deeper in the active site. This amino gdays an important role in the
interaction between receptor and nature ligand B2 second amino acid is HIS90
located at the entrance to the active site and&amsio acid is important for new
designed compounds (Fig. 5). The 5-LOX active sita long curved tunnel with a
key polar amino acid ARG182 near the surface ofpear (Fig. 5).

[Please, insert Fig. 5 about here]
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Tables, Figures and Schemes Legends:

Table 1: In vitro COX-1, COX-2 and 5- LOX inhibition, and selectiiindex (Sl)

data for5a-h and the reference drugs celecoxib and quercetin.

Table 2 ICso (uM) values obtained from Calcein AM assays on ttiested cancer
cell lines and normal human fibroblasts; means tBined from three independent

experiments performed in triplicate.

Table 3: Resulting binding free energies for best poses.

Figure 1. Chemical structures of some traditional non-selecNSAIDs, some
selective cyclooxygenase-2 (COX-2) inhibitor drugsl.OX inhibitor, and dual
COX/5-LOX inhibitory agent

Figure 2. Chemical structures of the traditional NSAID imdethacin 8), dual
COX/5-LOX inhibitor darbufeloneg) and the designed indomethacin analogtes$
and5a-h.

Figure 3a, b: E-Selectin (ELAM) expression in TNF~induced HUVECs compared
to cytotoxicity determined by Calcein AM. Curcun{tD pM) was used as a positive
control.3a—4l was tested at 50 pM.

Figure 4. Compound5h around active site of 5-LOX receptor. It is possilo
observe the binding using h-bond to Arg182.

Figure 5: Left 2D image is active site of COX2 receptor witiiture ligand IBP and
collection of amino acid 4A around. Right imagé&isOX receptor with ACD ligand

and amino acids 4A around.

Scheme 1Synthesis of the target compounds 4a-l and 5a-h.
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molecular hybridization

5a-h
R =H, CH;, CI;
X =CH,, CO



) pr
2a8b Ar —N
1 _N ,
i N
N ————— 1
N\
N R
2a, 3a, Ar = 1,2 ,4-triazol-4-yl, 3a&b 5a-h

2b, 3b, Ar = phenazon-4-yl

5a, R'= CH,Ph, Ar = 1,2 4-triazol-4-yl,

5b, R'= COPh, Ar = 1,2 4-triazolyl,

5¢, R' = 4-CH;-COPh, Ar = 1,2 4-triazolyl,
5d, R' = 4-CI-COPh, Ar = 1,2 4-triazolyl,
5e, R' = CH,Ph, Ar = phenazon-4-yl,

5f, R' = COPh, Ar = phenazon-4-yl,

59, R' = 4-CH3-COPh, Ar = phenazon-4-yl,
5h, R' = 4-CI-COPh, Ar = phenazon-4-yl

Ar
/
—N
b
N
0¥
NH

4a, R = H, Ar = 1,2 4-triazol-4-yI,

4b, R = CHj, Ar = 1,2 4-triazol-4-yl,
4c, R= OH, Ar = 1,2 4-triazol-4-yl,
4d, R = OCHjs, Ar = 1,2 4-triazol-4-yl,
4e, R = COCHg, Ar = 1,2 4-triazol-4-yl,
4f, R = COOEt, Ar = 1,2,4-triazol-4-yl,
49, R = H, Ar = phenazon-4-yl,

4h, R = CHj3, Ar = phenazon-4-yl,

4i, R = OH, Ar = phenazon-4-yl,

4j, R = OCHj3, Ar = phenazon-4-yl,
4k, R = COCHg3, Ar = phenazon-4-yl,
41, R = COOEt, Ar = phenazon-4-yl

Scheme 1. Reagents and conditions: i) abs. EtOH, reflux, 5-7 h; ii) 4-R-PhCOCH,CI, NaH, DMF, R.T.,
24 h; jii) R'-Cl, NaH, DMF, R.T., 24 h.
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Table 1

Compound no o CO>Z-2 o
Si

COX-1 COX-2 5-LOX

Indomethacin 0.63 11.36 0.055 n.d.
Celebrex 7.59 1.54 4.92 n.d.
Quercetin n.d. n.d. n.d. 5.96
5a 9.21 2.01 4.58 7.41

Sb 10.41 2.19 4.75 6.54

5c 7.89 0.98 8.05 6.54

5d 8.65 1.23 7.03 8.11

Se 11.23 2.61 4.30 5.98

5t 7.65 1.06 7.21 7.54

59 10.8 2.23 4.84 5.78

5h 9.25 1.74 5.31 9.11

#The in-vitro test compound concentration required to produéé Gthibition of COX-1 or COX-2. potato 5-
LOX\soya bean 15 LOX assay kit, The results(/@M) is the mean of two determinations acquired using

ovine COX-1/ COX-2 assay Kit (Cayman Chemicals Inc.nAxrbor, MIl, USA) and the deviation from the
mean is <10% of the mean value.

BIn Vitro COX-2 selectivity index (COX-1 16/COX-2 1Cs).

n.d. = not determined.
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Table 2

Compound CEM MCF7 HelLa BJ
3a >50 >50 9917 >50
3b >50 >50 >50 >50
4a >50 >50 >50 >50
4b >50 >50 >50 >50
4c >50 >50 >50 >50
4d >50 >50 >50 >50
de >50 >50 >50 >50
af >50 >50 >50 31.3+0.6
49 >50 >50 >50 >50
4h 42.0+3.0 >50 >50 49.0+£1.7
4 >50 >50 >50 50.0+0.0
4 50.0£0.0 >50 >50 50.0£0.0
4k 429+8.4 >50 >50 >50
4 29.7+4.2 38.1+1.324.8+3.7 50.0£0.0

Table 3
Compound no COX2 5-LOX
AGying best (kcal/mol) AGying best (kcal/mol)

5a -8.9 7.4
5b -9.3 -8.0
5¢c -8.8 7.9
5d -8.7 -8.0
5e 7.7 -6.9
5f -1.7 -7.5
59 6.4 -6.9
5h -5.8 -7.9
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Figure 5
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Highlights:

* N-substituted indole derivativéds-l and5a-h were synthesized.

* Anti-inflammatory activity was evaluated.

* Compound®a-h showed COX-2 inhibitory activity (16 = 0.98-2.61 uM).
* ICspagainst 5-LOX for compounds & 5g was 5.98 uM and 5.78 uM.

* Docking study for compounds&-h was performed.



